trabeculectomy on ocular blood flow the technique of ocular pulse analysis has been used to derive a measure of pulsatile ocular blood flow in 17 sug- gests that reduction of intraocular pressure reduces but does not prevent the progression of glaucomatous visual damage.6 There would seem to be a number ofexplanations for this. Firstly, it may be that the pressure, although reduced, is still sufficiently elevated to cause damage; secondly, it may be that raised intraocular pressure triggers a pathological process which subsequent lowering of pressure fails to stop; thirdly, because glaucoma is a multifactorial disease, visual loss continues in patients with apparently satisfactory pressure control because other contributory factors remain untreated. The role of vascular factors in the pathogenesis of glaucoma has recently received much attention and there is increasing evidence that there may be either a decreased blood flow or a failure of autoregulation at the optic nerve head. [7] [8] [9] Clinical investigation of ocular blood flow and its component parts is difficult. Langham Hg, cupping of the optic disc, and glaucomatous field loss. Gonioscopy was performed at the time of entry into the study to confirm that at least the anterior trabecular meshwork was visible; the eye was also examined to exclude pseudoexfoliation and pigmentary glaucoma. Patients judged to have severe field loss or an intraocular pressure greater than 30 mm Hg on treatment were not admitted to the study. Providing these criteria were met previous medical and laser therapy was not a bar to entry into the study nor was previous surgery of any sort to the control eye.
Thirteen men and seven women about to undergo trabeculectomy were initially entered into the study. One female patient withdrew from the study before operation. One male patient was withdrawn from the study following operation as it was uncertain whether or not he was following the study protocol for cessation of topical treatment before measurement. One female patient had to be withdrawn from the study as the intraocular pressure rose by more than 10 mm Hg 5 days after stopping treatment. The mean age of the remaining group was 65-6 (SD 1'8) years. The refractive error of the operated eye was +0 4 (0 3) dioptres and of the unoperated eye +0 75 (0-4) dioptres.
The effect of ocular surgery on the eye was controlled for by examining a group of patients without glaucoma or other ocular disease about to undergo cataract extraction and lens implantation. The measurement protocol used in this group was identical to that used in the trabeculectomy patients. Ten subjects, six male and four female, were examined. The mean age of the group was 67-6 (3-4) years. The 10 healthy volunteers to determine the coefficient of variation of the technique in measuring intraocular pressure, ocular pulse amplitude, pulsatile ocular blood flow, and heart rate. The technique employed in the main study was employed in the ocular pulse measurements. The within occasion coefficient of variation for pulsatile ocular blood flow measurement was 10% standing and 10-8% lying: for between occasions the results were 15-7% and 18-4% respectively (Table 2) .
Results
EFFECT OF TRABECULECTOMY ON THE OCULAR PULSE As expected in the trabeculectomy patients there was a marked, highly significant reduction in intraocular pressure in both standing (45%) and lying (48%) positions at 3 and 6 months after trabeculectomy. In the standing position this (Table 5 ). There were no changes in the systemic parameters of pulse rate, mean blood pressure and systemic pulse pressure throughout the study (Table 5) .
The postural changes in intraocular pressure and pulsatile ocular blood flow are shown in Table 6 . A significant increase in intraocular pressure is seen together with a significant fall in pulsatile ocular blood flow in the supine posture. These changes are associated with a fall in blood NS=Not significant.
pressure and heart rate ( Table 6 ). The fall in blood pressure did not reach statistical significance postoperatively.
Discussion
The effect that surgery has on the generation of the ocular pulse must first be discussed before considering the effect of trabeculectomy on pulsatile ocular blood flow. No significant change in pulsatile ocular blood flow following surgery was observed in patients undergoing cataract extraction although there was a small but significant reduction in intraocular pressure in the operated eye. This suggests that intraocular surgery itself, particularly healing and fibrosis of a wound which might be expected to result in a change in ocular rigidity, does not significantly alter the characteristics of the ocular pulse. There are, however, obvious differences between the two operations. The presence of a drainage bleb may theoretically dampen down the ocular pulse thus reducing the estimate of pulsatile ocular blood flow. It is interesting in this respect that, as in another study,' the postural increase in intraocular pressure on assuming the supine posture persisted postoperatively. This suggests that a filtering operation, although lowering the overall level of intraocular pressure does not alter the response of the eye to physiological manoeuvres that alter intraocular pressure. As this is true for the postural change in intraocular pressure it is likely that it is also true for the much faster pulsatile elevations in intraocular pressure during the cardiac cycle. It also appears that any induction ofchanges in corneal curvature following the two surgical procedures does not significantly alter the ocular pulse. Furthermore, changes in corneal curvature following trabeculectomy appear slight. '6 In a longitudinal study changes in systemic variables (heart rate, mean blood pressure, and systemic pulse pressure) must also be considered. No significant change occurred in these variables. Additionally, there was no significant change in the ocular pulse and its derivatives in the unoperated eye. This would be expected for no significant change in intraocular pressure was seen throughout the study in the unoperated eye.
It is probably better to think of the calculated pulsatile ocular blood flow produced using this technique as an index of pulsatile blood flow rather than an absolute measure; they may, for example, be affected by variables that are not associated with ocular blood flow such as the axial length of the eye. 17 The technique measures only pulsatile flow and the proportion ofpulsatile flow to total flow is unknown and may vary.'8 An increase in the proportion of non-pulsatile flow would be anticipated as intraocular pressure fell. Measurements should, however, have validity in a longitudinal study in which systemic variables are constant, and the ocular dimensions (axial length) unchanged.
The increase in pulsatile ocular blood flow in the standing position following trabeculectomy would thus appear to be ofsignificance. Trabeculectomy is associated with a large decrease in intraocular pressure. If no autoregulation exists this causes an increase in perfusion pressure which will increase both pulsatile and nonpulsatile flow. This would appear to be the situation in the standing posture. In the lying posture a reduction in pulsatile ocular blood flow compared with the standing measurements has previously been reported in The increase in pulsatile ocular blood flow in the erect posture seen in patients undergoing trabeculectomy may be a factor in the apparent advantage the treatment has over some medical forms of glaucoma treatment.' No increase in pulsatile ocular blood flow was seen in patients on topical timolol. 12 A direct comparison between the two studies must be made with care. The initial intraocular pressure in the patients treated with timolol was lower than that reported here and the pressure reduction was less than 50% ofthat seen here (4-4 mm Hg standing in the patients treated with timolol, 12-6 mm Hg in patients following trabeculectomy). A statistically significant increase in pulsatile ocular blood flow of 13% has been reported following single topical application of levobunolol where a reduction in intraocular pressure of 8-2 mm Hg was observed. 14 It may be that the technique ofocular pulse analysis is not sensitive enough to measure changes in pulsatile ocular blood flow associated with a small change in intraocular pressure.
Conclusion
Trabeculectomy increases pulsatile ocular blood flow in the standing posture but has no effect on the lying measurement of pulsatile ocular blood flow. This postural difference may be explained by the finding that in the preoperative untreated subjects the postural reduction in pulsatile ocular blood flow reported in previous studies was not observed. This postural change in pulsatile ocular blood flow appears to be related to intraocular pressure. At high intraocular pressures pulsatile ocular blood flow is similar in the erect and supine postures; following trabeculectomy the more usual reduction in pulsatile ocular blood flow in the supine posture is seen. It is hypothesised that the observed increase in standing pulsatile ocular blood flow in the group as a whole following trabeculectomy, if reflecting events at the optic nerve head, may be an important factor in the success of trabeculectomy in reducing glaucomatous visual damage.
